Abstract: Reduction of azides to amines and amides was carried out with NaBH 4 /CoCl 2 •6H 2 O in sole water at 25°C under catalytic heterogeneous conditions. A broad spectrum of azides was reduced in a short time, chemoselectively in high yield and purity.
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Hydride-reducing agents are widely employed, but some of them have limitations. Diborane is not applicable to compounds having double or triple bonds. 3 LiAlH 4 has to be used in a large excess, requires a long reaction time and is not tolerable to some functionalities (CO 2 R, NO 2 , CHO, COR, epoxide). 3, 14, 15 NaBH 4 is a mild reducing agent and except for arylsulphonyl azides does not usually reduce azides to amines. 3, 14 Improvements have been obtained by using NaBH 4 under phase-transfer-catalysis conditions 14 or in THF with stoichiometric amounts of methanol 16 or by using complex reducing agents such as NaBH 4 / NiCl 2 , 17 NaBH 4 /CuSO 4 , 18 however, a complete chemoselectivity is not always achieved. Modified sodium borohydride reducing agents such as borohydride exchange resin-Ni(OAc) 2 , 19 Zn(BH 4 ) 2 , 15 and LiMe 2 NBH 3 20 have also been used. Bu 3 SnH with a catalytic amount of azobis(isobutyronitrile) has been employed to reduce azidonucleosides and azidodeoxysugars. 21 In all cases, the organic solvent is the preferred reaction medium and to our knowledge, sole water has never been used.
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This is quite surprising especially with reference to NaBH 4 /metal salts as reducing systems. They are usually used in methanol, although NaBH 4 in this medium is considerably less stable than in water at pH >7. [25] [26] [27] In order to perform the reduction in methanol 26 a large excess (5-10 equivalents) of hydride is required. The use of sole water as a reaction medium should allow us to minimize the excess of NaBH 4 , and to reuse the catalyst in further runs.
We have been studying organic reactions in water and have shown that an aqueous medium can be conveniently used in aldol-like condensations, 28a epoxidations, 28b-c and Diels-Alder cycloadditions.
28d Recently, we prepared b-azidoalcohols and a-hydroxy-b-azidocarboxylic acids by a pH-controlled and metal-catalyzed azidolysis of alkyl-and aryl-1,2-epoxides 29a and 2,3-epoxycarboxylic acids respectively.
29b Our project concerns the synthesis of b-amino alcohols and b-hydroxy-a-amino acids in a one-pot procedure starting from the corresponding epoxides by azidolysis and subsequent reduction of the azido group. Here, we report a mild and efficient NaBH 4 / CoCl 2 -catalyzed reduction, in sole water, of azides to amines and amides. The NaBH 4 /CoCl 2 system has been used to reduce several functional groups except azido, and has never been used in water only. 27 A variety of azides were reduced quickly at 25°C and in excellent yields with a catalytic amount of CoCl 2 •6H 2 O (0.1 equivalents) in water, in the presence of NaBH 4 (2.0 equivalents). 30 The reaction was carried out in heterogeneous phase by simply adding a water solution of NaBH 4 to a stirred mixture of azide and CoCl 2 •6H 2 O; this addition was strongly exothermic. When the azide is highly hydrophobic, the best results, in terms of yield and time, are achieved by carrying out the reaction in the presence of 10% equivalents of cetyltrimethylammonium bromide (CTABr). NaBH 4 is unreactive towards the azido group in both heterogeneous and homogeneous aqueous medium in the presence of CTABr. The reduction is quantitative and the results are summarized in Table 1 . The azides 3a and 7a-10a and the products 3b-10b are new compounds. Aliphatic, cycloaliphatic, aryl, aroyl, and arysulphonyl azides are efficiently and quickly reduced and the reducing agent tolerates functionalities such as CO 2 H, CO 2 Me, OH, and OCH 2 O. Moreover, the reaction is so fast that NO 2 , CMe 2 =CRH and CN functionalities are not reduced.
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After removing the reaction product by ethyl ether extraction of the aqueous reaction mixture, the mother liquor could be reused but its pH value is of crucial importance. At the end of the reduction process, the aqueous medium is strongly basic (pH>11) and if used as is, the reaction proceeds with low yield. The best efficiency was obtained by lowering the pH of the aqueous mixture to 8.0 by adding some drops of concentrated HCl before adding the azide and NaBH 4 . The yields of the 2 nd , 3
rd , 4 th , and 5 th runs for azides 1a and 11a, chosen as representative examples, were excellent (Table 2 ).
In conclusion, catalytic amount of the reducing system NaBH 4 /CoCl 2 ◊6H 2 O (catalyst), not previously employed for the reduction of azides, in sole water and under mild conditions, reduces chemoselectively a broad spectrum of azides to amines and amides with high yields. The easy availability of the reducing system, the nature of the reaction medium and the possibility to recycle the catalyst make this procedure attractive and advantageous. 3 OD as solvents with TMS as internal standard. IR spectra were obtained on a FT-IR Bruker IFS 113v spectrophotometer. Microanalyses were performed on Carlo Erba Elemental Analyzer mod. 1106. Mps were taken on a Büchi 510 melting point apparatus and are uncorrected. Reaction progress was monitored by GC analysis, performed on a Hewlett Packard 5890 Series II equipped with an SPB-5 fused silica capillary column (30 m, 0.25 mm diameter), an "on column" injector system, a FID detector and H 2 as carrier gas.
Compounds 1a-11a, and 14a were prepared by following known procedures.
29, 32 Compounds 12a, 13a, 1b, 2b, and 11b-14b are commercial. Compounds 3a, 7a-10a, and 3b-10b are new compounds. The azides 3a and 7a were prepared by azidolysis of the corresponding epoxides under basic conditions 29a and Cu(II) catalyzed, 29b respectively. The azides 8a, 9a, and 10a were prepared by following the described procedure starting from the respective bromide. The mixture was stirred at 25°C for more than 10 min when necessary (Table 1) . At the end of the reaction the mixture was extracted with Et 2 O (5 ¥ 10 mL). The organic phase was dried (Na 2 SO 4 ) and concentrated under reduced pressure to give the pure amine or amide, The yields are reported in Table 1 .
Re-use of Reducing Agent
The pH of remaining mother liquor (approx. 4 mL) after extraction with Et 2 O of amine or amide was adjusted to 8.0 by adding a few drops of concd HCl. Azide (2.0 mmol) was then added, followed by NaBH 4 (0.0152 g, 4.0 mmol) in small doses. The mixture was stirred at 25°C for more than 10 min. when necessary (Table 1) and then extracted with Et 2 O. The mother liquor can continue to be reused. Two examples are illustrated in Table 2 .
1-Amino-3-(1¢, 3¢-benzodioxol-5¢-yl)propan-2-ol (3b)
Oil . 
